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An  Automated  Cloud  Observation  System  (ACOS) 


I.  INTRODUCTION 

I  hi'  FSAF  Air  Weather  Serviee  (AVVS)  lias  recognized  the  need  to  modernize  its 
hash  weather  support  capabilities.  The  Automated  Weather  Distribution  System 
I AWDSI  Multi -Command  Itequi r  ed  Operational  Capability  (DOC  801-77)  rails,  in 
part,  tor  a  fulls’  automated  airfield  weather  observing  anil  short  range  foreeasting 
i  nnahilitv  at  both  lived -base  permanent  airfields  and  at  bare-base  taetieal  or 
temporary  airfieMs.  In  response  to  these  FSAF  requirements,  the  Air  Force  Cioo - 
plivsi’  s  l.aboratory  I  A  Ft  II.)  developed  a  loss -cost,  lullv  automated  microcomputer - 
ha.-rd  system.  M  \W  S  (Modular  Automated  Weather  System).  The  two-year  test  of 

M  VA  s  it  S'-ot!  \l  'll  temi.nst  rated  and  provided  sufficient  evidenee  that  the  require - 

i  ,  I 

e  i  en'  o:  hi  •  s  it  i  s  1 1  e  I. 

Inherent  m  -u.  h  an  automated  airfield  observation  system  is  a  satisfactory  solu 

'ion  to  r fi.  dind.i . it.il  elonii  basi*  height  observation  from  the  rotating -beam  eeilom 

'■I'':'  tllliCt.  I  In-  i!. ability  Hi  .udnes'e  Pillv  sat isfaetorv  automated  processing  of  the 
HltC  sj. mil  ss  i  o'ii-  of  tin'  shortfalls  of  the  MAWS  demonstration.  Subsequent 

'2 

to  dir  S  oti  MAWS  I'm  oust  rat  ion,  Urvnian  and  I.vnch~  have  developed  and 
( It  in  eised  for  puhl  t  eat  ion  Hi  Itoeomber  1980) 

1.  Chisholm,  D.A.,  l.vmli.  It.  II.  ,  Wevnian,  .I.C.,  and  (ieisler.  F.  15.  (1980)  A 
I  iemonst  r  it  ion  lest  of  the  Modular  Automated  Weather  System  (MAWS), 

TFtiT.  -TTT-TT7V  Ttflfrr  ;- VtTAfii5707fi.  ' - 


■> 

\W'vn  hi  n,  l .  i 

and  l.vneh.  It.  11.  (1!*81)  A  Digital  Processing 

and  Display 

S  v  s  t  f  •  r ; ;  '  <  *  i 

the  Rotating  Hearn  Ceilometer  (An/CiMQ- lS).  in 

preparation 

tested  hardware  and  software  refinements  which  have  successfully  solved  this 
problem . 

The  purpose  of  this  study  is  to  develop  objective  procedures  to  specify  cloud 

base  height(s).  low  cloud  amount  categories,  and  cloud  ceiling  bv  expanding  upon 

2 

the  basic  processing  procedures  previously  developed.  “  The  approach  taken  relics 
on  the  methodology  initially  developed  by  Duda  et  al'*  and  applied  bv  the  National 
Weather  Service  in  their  test  of  the  Aviation  Automated  Weather  Observation 
System  (AY-AUOS).  *  The  A\  -AWOS  test  showed  good  agreement  between  auto¬ 
mated  and  human  cloud  observations.  The  automated  \  alues  were  obtained  from  a 
triangular  array  of  RHP's  7  miles  apart  while  the  human  observations  were  obtained 
near  the  triangle's  center  point.  In  the  tests  conducted  here,  the  average  length  of 
the  triangle  legs  is  about  1.3  miles.  This  smaller  BBC  network,  deployed  at  I  he 
AFC!  I.  Weather  Test  facility  (WITT  at  Otis  AFB,  Massachusetts,  allowed  a  further 
test  of  the  hterarehial  clustering  algorithm  constrained  to  a  typical  airfield  environ¬ 
ment.  This  report  documents  a  7  -month  test  of  AFCil.'s  Automated  Cloud  Observa¬ 
tion  System  (ACOS)  based  on  comparisons  between  A  COS  and  human  observations. 


2.  Ill  MAN  CI.Ol.il)  OBSERVATIONS 

5 

Federal  Meteorological  Handbook  No.  1  (FMH-1)  delineates  the  procedures  to 
he  used  in  formulating  a  weather  observation,  including  detailed  instructions  re¬ 
lating  the  state  or  appearance'  of  the  sky -to -skv  cover  bv  clouds  and/or  obscuring 
phenomena.  It  s  ates  "a  complete  evaluation  of  skv  condition  includes  the  type  of 
clouds  or  obscuring  phenomena  present,  their  stratification,  amount,  opacity, 
direction  of  movement,  height  of  bases,  and  the  effect  on  vertical  visibility  of 
surface -based  obscuring  phenomena  ", 

The  human  observer  who  must  describe  the  state  of  the  skv  lias  a  most  difficult 
task.  An  observer  must  identify  cloud  layers,  estimate  the  height  of  each  lavor, 
determine  the  percentage  of  skv  cover,  and  identify  the  type  of  cloud  present.  In 
addition,  the  observer  must  determine  the  amount  of  skv  not  visible  due  to  surface- 
based  obscurations  and  the  vertical  visibility  in  the  obscuring  phenomena.  There 
are  several  limitations  an  observer  has  to  work  with.  Frequently,  the  observer's 
view  of  the  horizon  is  limited  by  physical  obstructions  such  as  an  airport  terminal 


3.  Duda,  R.O.,  Manruso,  K.  I,.,  and  Paskort,  P.  F.  (  1 D 7  1 )  Analysis  of  Techni¬ 

ques  for  Describing  the  State  of  the  Skv  Through  Automation,  Report  No. 

I'A/T-TTH-T  1S2; - 

4.  Bradley,  .1.,  l.elkowitz,  M.  ,  and  Lewis,  R.  ( 1R70)  Aviation  Automated  Weather 

Observation  System  (AV  -  AWOS),  Report  No.  FAA  -RD  -7!)  -(>3. 

3.  NOAA-National  Weather  Service  (1370)  Federal  Meteorological  Handbook  No,  1. 
Surface  Observations,  V.  S.  Ciovornment  Printing  Office. 


ami  other  buildings.  The  cloud  height  measuring  device  (RBC)  is  often  a  mile  or 
more  from  the  ob--  Tver's  location.  Hence,  the  observer  is  required  to  determine, 
through  visual  observation,  the  representativeness  of  the  cloud  height  measure¬ 
ments  in  the  overall  observing  area.  The  subjectivity  of  the  process  results  in  a 
natural  variability  in  cloud  observations  among  observers.  While  visual  acuity, 
depth  perception,  and  fatigue  level  play  important  roles,  the  so-called  packing 
effect  is  a  substantial  contributor  to  this  variability.  Here  the  observer  mistakenlv 
incorporates  vertical  development  of  clouds  into  the  cloud  base  extent  resulting  in 
an  inflated  estimate  of  cloud  amount(s).  This  inherent  variability  in  human  cloud 
observation  needs  to  be  recognized  in  the  evaluation  of  objective  and  automated 
techniques.  Total  replication  of  human  observations  should  not  he  anticipated  nor 
sought. 

The  human  observations  used  in  this  studv  were  taken  bv  KAA  operational  per¬ 
sonnel  located  at  the  opposite  side  of  the  airfield  on  Otis  A  KB,  approximately  1  mile 
from  the  AKCil.  WTK.  Supplemental  observations,  specifically  for  the  purposes  of 
this  studv,  were  not  obtained  due  to  manpower  cost  constraints.  Rather,  we  relied 
on  the  observations  routinely  obtained  as  required  by  KM11-1,  transferred  them  to 
computer  compatible  form  and  used  them  in  the  comparative  analysis.  Since  the 
RBC  is  not  intended  to  measure  the  extent  and  depth  of  obscuring  phenomena  nor  to 
identify  cloud  typo,  the  automated  technique  developed  and  tested  in  this  study  was 
limited  to  cloud  height(s),  low  cloud  amount  categories,  and  cloud  coiling. 

1.  Cl, Oil)  I  .N  Si'll  T  M 1  \  NT  AT  1 0  ,N 
t.l  ltol.it  in;:  Roam  Oilomrlrr 

The  stand  i  rd  NWS  cloud -height  set  ( -\\  <Ti  MQ-  1  i)  u  as  used  for  basic  data  ac¬ 
quisition  in  these  tests.  It  consists  of  a  two-lamp  projector  system,  a  receiver, 
mil  in  oscilloscope  indicator.  The  projector  lias  a  dual  tungsten  filament  projection 
system,  mecharnealh  modulated  at  120  Hz,  and  continuously  rotated  at  a  rpm.  The 
receiver  is  tvpie.dlv  set  100  It  from  the  projector  with  its  field  of  view  vertical  and 
ropl-nur  w  it  u  the  rotating  projector  beams.  Idle  volume  of  intersection  moves 
upward  as  each  projector  beam  scans  to  the  vertical.  U  lien  the  volume  intersects 
a  cloud,  baeKse atta-r  ol  (he  projector  beam  In  particles  in  the  cloud  is  detected  bv 
the  receiver  and  displayed  on  the  indicator  in  the  form  of  a  height  vs  intensitv  de¬ 
pletion.  rile  projector-  angle  at  which  the  maximum  baekscatte r  return  occurs 
yields  tire  eland  height.  Because  ol  known  sensor-  and  trigonometric  limitations  and 
at'er  ail  assessment  *  >  t  basic  RBC'  data  obtained  at  t>tis  \\  IT,  eloud  heights  in  mu¬ 
test.-  were  limited  to  measurements  up  to  upon  feet. 


..  *01-0  usc-ci  resulting  in  «n 

in  our  experiments,  both  lamp*  t,0m^  uf  ^formation  were  estr-iud 

Sc-pa rate  cloud  height  scans  per  nnnu  <  .  ^  ^  t(u,  se(.()„dary  peak.  >■■',}><  > 

ri,,m  (,u-h  scan,  the  primary  or  nvaxmnu  ^  ^  soool1dary  peak  ran  be  "Xtracte. 

audios-  had  demonstrated,  that  when  P  ‘  ’  v.„.i:lMl.  cloud  layers,  it  »>=*>  -pu 

t-Iom  the  !'  ,w  H.U-  —  1.  ^  and  therefore  should  be 

*7^  „  ~  no.  Hon  -- . »>r  ^ 

. — . - . 


:V2  Network  Spacing  nu.v  a  re  sepa  rated 

1  depiets  the  network  oC  KUC  „  th,  K1JC,  are 

*  distances  ranging  from  under  1  uale  to  -  ^  ^  (UunwJ,  05-2,1  with 

located  at  opposite  ends  of  the  ^  ^  KUV  layout  allowed  U*  to 

tlu.  third  one  at  the  At  C.l .  A  U'  -  ^  '  ‘  ^  M  conUguratton  and 

,  .  tht.  clustering  technique  in  a  tM  ■  _  KHt-.rf  in  specifying  cloud  chaiae 

dete rminc  therein  the  additive  utility  »i  ™"  1  from  which  the  regular 

»*  a,o  ...o  loontiono!  «« 


V.  U 


Tt)MATKIM-.IX>tl»PKOri>S1M; 


V.\  Prppr<N'<’w',,S 


The  initial  processing 
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U'HID  wore  obtained  independently  from  three  KHC’s  at  Otis  and  rerorded  on  mag¬ 
netic  tape  at  AFtll..  Kach  KMC  lamp  yields  two  C  iill  values  pel*  scan  (five  scans 
per  minute).  For  each  scan  of  each  lamp,  the  magnitude  of  the  peaks  are  rank 
ordered  and  the  two  largest  peaks  retained  as  CHil's,  listed  as  Maxi  and  AJax2  i jj 
Table-  1.  Also,  a  1-nan  mean  CH11  value  is  objectively  determined  tor  e.ieh  lamp 
based  on  tile  five  Max!  values  obtained  during  the  current  minute  and,  m  eialain 
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layers,  the  accumulated  nunibi-r  of  events  up  to  and  including  tin*  lavor  an*  ust’d  to 
classify  the  cloud  amount  category  for  the  higher  layers.  Based  on  data  collected 
at  Otis,  we  modified  the  AV -AVVOS  population  proportions  to  0.04.  0.51,  and  0.  Ii5 
as  break  points  from  clear  to  scattered  (SOT),  scattered  to  broken  (BK.M  and 
broken  to  overeast  (OVC).  Figure  .i  is  ail  example  of  output  of  the  elustering  te.  h- 
nique  with  cloud  observations  (heights  and  amounts)  plotted  at  a  4  min  interval  for 
over  a  lC-hr  period.  It  clearly  demonstrates  the  ahilitv  of  the  i  lust  ring  teehn,  pit 
to  handle  multiple  laver  and  evolving  cloud  conditions  with  out  c.  .s  intern  ill*, 
consistent  and  meteorologically  sound..  Tin*  correspon  ling  inn  in  observations, 
plotted  along  the  time  axis,  demonstrate  the  automated  tivhin  pie's  capability 
handle  this  complex  situation.  In  fact,  the  automated  technique  on  -if/e.i  :•  a;or 
changes  (improvements)  in  ceiling  conditions  well  before  the  Pan  .m  nPserv  ;.,ns 
become  officially  recorded,  partieularlv  after  darkness  fell,  I  able  ;t  is  an  exaie.P. 
of  output  tot  an  A  COS  observation. 
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Table  2.  A  COS  Sample  Output 
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(  loiid'l)  ught  data  Acre  collected  from  March  thr-'Ug'i  October  lf'HO.  In  all, 
tort\ -one  episodes  were  selected  for  this  experiment  twin  approximately  (iOO  eom- 
parisons  made  between  the  automated  and  human  observations.  No  comparisons 
re  matte  betwi  ■  a  tile  human  and  automated  observations  n  an  obscuration  wax 
'■'■''"iti'il  '  i  If  ir  m  observer,  Kpisodcs  were  selcetcd  uhiOi  met  the  following 
criteria:  (I)  the  t  pisode  length  >v:o-  >t  least  hrs  in  duration,  (21  at  least  one  of 
the  three  ijiiC  as  operating,  and  (a)  scattered  or  more  clouds  below  titIO  ft  were 
reported  by  the  f  AA  observer.  Table  4  summarizes  the  relative  frecpienev  distribu 
t  ion  (HI  HI  oi  the  iitomateil  eloutl  observations  for  the  forty -one  episodi  data  set. 


others  one  of  them  was  not  available  at  anv  time.  Of  the  forty-one  episodes  used, 
only  ten  episodes  (spanning  2(ifci  hrs  of  comparisons)  included  data  from  all  three 
HBC's. 


Table  a.  Sample  Si/es  for  Comparative 
Analysis 


Method 

Number  <>t'  (.  risims 

1  -  a 

:>!  '4 

t>-  10 

11-17 

2tj.. 

Questions  1  and  2  above  were  addressed  using  the  s.,t.set  of  oata  for  which  a 
ceiling  condition  (more  than  50«  cloud  cover  below  OuU  ft '  ‘.‘.as  o.-termined  to 
exist  by  either  the  I'AA  observer  of  the  automated  procedure  (At  OS).  Table  i> 
lists  the  percentage  of  agreement  realized  by  each  cf  file  fifteen  methods  of  grouping 
ceilometer  data  (see  Table  2  for  description  of  grouping  criteria).  Regarding  the 
comparison  of  individual  scan  data  to  1-nun  mean  values  note  tile  difference  be¬ 
tween  Method  2  vs  1,  7  vs  (i  and  12  vs  II.  1'lie  results  suggest  nothing  has  been 
lost  b\  preprocessing  cloud  scan  data  into  1-tmn  mean  values  ‘or  the  clustering 
algorithm.  iiccall  the  algorithm  development  iias  been  structured  to  use  a  weighted 
20  min  of  data  to  provide  the  possibility  of  !i0  events  oceuring  when  1-ntin  me  ins 
are  employed.  This  number  of  events  eiw ;,}•«•$  .  ampling  stability  consistent  v  it. h 
the  recommendation  of  Uuda  et  al.  "  Ihesc  results  confirm  that  stability,  and 
demonstrate  only  marginal  additive  contribution  using  the  greatly  increased  number 
of  events  in  individual  scan  data.  Results  of  Methods  2  and  1,  1  and  8,  and  12  and 
12  demonstrate  secondary  peak  information  does  not  contribute  to  improved  specifi¬ 
cation.  The  slight  decrease  in  agreement  resulting  from  the  "two-lamp''  algorithms 
as  compared  lu  analogous  one-lamp "  algorithms  (hu  example,  Method  a  vs 
Method  2)  is  probably  related  to  lamp  misalignment  within  one  or  more  Kill  "s. 
t  ins  can  result  in  cloud  heights  from  tile  two  lamps  being  sufficiently,  different  to 
alter  the  cloud  amount  determination  in  situations  bordering  on  the  threshold  of  a 
ceiling  condition  (that  is,  a  /I  Oth  cloud  cover  t  0.0a). 

(Ini'  can  assess  the  additive  effect  to  ceiling  specification  of  multiple  IlHC's  by 

comparing  results  across  any  one  row  of  Table  fi.  l  or  example.  Methods  1,  (i  and 

11  are  all  b  sed  on  the  use  of  1-n.in  mean  cloud  base  height  data  as  provided  by 

■) 

the  preprocessing  procedure,"  while  Methods  !i,  10  and  la  are  based  on  the  primary 
and  secondary  peak  values  from  each  scan.  In  each  instance,  a  slight  increase  in 


agreement  is  realized  by  adding  a  second  1{  1  ic '  and  then  a  third  R1KT  This  suggests 

that  at  airfields  with  two  RUCs  presently  installed,  both  could  be  utilized  with  a 

modest  increase  in  confidence  in  automated  cloud  observations.  Kqualli  important, 

if  not  more  so,  automated  cloud  observations  from  a  single  RRC  have  been  shown 

to  have  substantial  agreement  with  human  observations  under  most  weather  situations 

4 

This  study  has  demonstrated  (confirming  tin-  earlier  \  \  -  \\\  <  >S  findings  the  add<  d 
investment  into  a  second  or  third  cloud  base  height  sense:  in  the  11  onediate  vicing  : 
(within  2  to  2  miles)  of  an  airfield  is  not  warranted  l\u  mtomateo  i.m<:  ob,er\  •>- 
tion  purposes  except,  perhaps,  in  unusual lv  complex  i  lor  •a-gim*  "r  ti  ui:  . 


Table  ii.  .hunt  Occurrence  of  i  filing  Reoorts  (  ill  (  .me>> 


figure  A  is  a  time  series  plot  oi  a  complex  low  (  loud  ep.sod.  d  the  (Mis  it  II 
on  1  K-  1  !*  Se|)tembe i  li'HO.  It  demons)  rat " d  the  eorrespondema  he*  .  ■,  ilim 

height  determination  is  greater  at  lower  heigut.-.  (below  20(10  It)  or  ele.  tion  .agh 
\\  hen  the  joint  occurrence  statistics  shown  m  fable  t*  .  re  put ed  b  sen  on:  m. 

ceilings  below  1UUU  It,  tne  percent  igi  increase  about  ’•>  4  oe rn  ntai >■  iioiu’  .  ■■■ 
average,  for  e.’ri,  of  t  n-  ine'uo-.N  t,  -'•■u.  >.bo\  e  (000  It  *!•.  ( if  I  e  retire  ■  ' .  i.l  t. .  j, 

g  feat ,  - 1  line  f  ii  ( in  ■  :  :;i  noli..,;-  e  r  !  la  \  mg  n  ,o  oi  file  .  it  \  ms  r  1 11 1  e.\t )  '  '  mi  tig 

co )■!'!■  1 4  ■  a ■  tlo.n  urn  .  •ugi:  ele.  trni  aides  (lor  ex  email  ,  bom  o'  i.  sr  ; 

i nr I •  ■  di !  I e ren  " s  i  o r • —  none  t . ,  (  ,  eg . ■  i,,  ig m  d i ,  ( ••  ivm  es.  \onel  u,  am-,  tins  ,  a  , 
ele  a  "j  \  I  !■  !  !'  nw't  r  .  *  •  I  lie  ren  •••  S(  •  :it .  a  1  Vi  ■  i  '•  ■  s oi  'he  cl  us'  i  tire  Igo  rp  111::  liim 

(o  r  th  ■(  ■  ■  a  mm.  .  einug  tg'r . 

I  hi'  ■  -  r:  r  a  ■  a . . . nt  'reouiuiev  ■  ( ■  si  r  i  but  ion  if  low  4oun  a  a  oi  nr 

■  .11  IVOI'I"  s  Ills'  i  or  I  1  •  m  n-f  in  v  i!  1|”S  lor  I  jm  1  ,  ,  an  i  .!  -R  lit  nil  on-  p  j  ,  mo,  , 

la  res  \  s  'he  I  \  ,  olis  ei".  a!  i  ms .  I  he  w  It  hi  n  - 1  aol  e  ner  .-til  ig.  --  u"1  o'1  'lie  - ,  »t  i  i 

s. me>ie.  i  1 1  *  ■  aggregate  o!:  liagona!  perc"  ill  ages  are  shown  m  oa  i-rnthnsrs .  1  lie 

l(*l  .  ol  nm  n  ani  ro..-,  also  emitum  percentages  ol  lhc'ol-1'  samnle.  Regardless  o: 
whether  1  .  2-.  or  2  If  IK  ' 1  -s  are  used  in  'lie  automated  nro  edure,  low  loud  imoimi 
Oil  litions  are  uiidt-rsiie.  i  tie  i  hv  ibou:  la  percentage  points  '2a  below  the  diagono 


v s  10%  above  in  the  1-RBC  ease).  This  impacts  about  10%  of  the  ceiling  determina¬ 
tions  (for  example,  in  the  1-RBC  case,  human  observations  denote  ceiling  condi  - 
lions  89%  compared  to  79%  for  the  automated  method).  The  difference  can  be  due 
to  deficiencos  in  the  method  by  which  the  automated  procedure  deduces  cloud  amount 
from  tlie  frequency  of  occurrence  of  cloud  height  data  (or  population  proportions  as 
discussed  in  Section  4.  2).  Further  refinement  of  the  selected  breakpoints  between 
cloud  amount  categories  could  be  accomplished  beyond  the  modification  to  the 
AV-AWOS  recommended  values  done  in  this  study.  For  the  purpose  of  this  study, 
however,  additional  refinement  is  not  felt  to  be  necessary.  Conversely,  the  differ¬ 
ences  could  be  due  to  biases  in  the  human  observations  caused  by  confounding  cloud 
p  atterns,  contrast  and  illumination  uncertainties  (especially  after  darkness),  or  the 
press  of  other  responsibilities  impacting  on  the  time  spent  preparing  the  cloud 
observations.  Note  also  that,  for  the  cLoud  episodes  used  in  this  study,  the  human 
observation  data  set  contained  2%  or  less  clear  conditions  below  6000  ft  while  8%  of 
the  automated  observations  indicated  clear  conditions.  This  can  be  attributed  to 
distant,  lower  level  clouds  beyond  the  range  of  the  three  RBC's  but  observable  by 
the  tower  personnel. 
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Figure  4.  l  ime  Series  of  AC'OS  and  Human 
Observations  (Ceiling) 


Table  15  shows  the  percent  relative  frequency  distribution  of  the  number  of 
cloud  layers  below  6000  ft  reported  bv  the  human  observers  and  the  automated  pro¬ 
cedures  based  on  1-min  m<  an  values  (Methods  1,  6,  and  11).  Here  again,  we  find 
a  tendency  for  the  automated  technique  to  underspecifv  cloud  conditions.  Note  in 
file  1-KBC  case,  25%  of  the  observations  fell  below  the  diagonal  indicating  more 
■  loud  lavers  in  the  human  observations  than  in  concomitant  automated  observations 
while  onlv  15%  fell  above  the  diagonal.  The  relative  distribution  of  the  number  of 
cloud  lavers,  as  reflected  in  the  column  and  row  totals  is  without  the  bias  reflected 
m  the  .-loud  amount  category  evaluation.  Kefor  to  Figure  2  for  an  example  of  the 
meteorological  consistency  and  representativeness  of  the  automated  cloud  observa¬ 
tions  in  a  multi -layered  cloud  regime. 

The  results  in  Tables  7  and  !S  support  the  general  finding  presented  earlier  that 
cloud  specification  is  not  improved  substantially  bv  adding  basic  cloud  height  infor¬ 
mation  from  a  second  or  third  RBC  in  the  immediate  vicinity  of  the  airfield.  While, 
m  most  situations,  a  second  HBC's  data  will  not  contribute  to  specification  improve¬ 
ment,  for  certain  multi-layered  and  variable  cloud  conditions  it  will  have  a  positive, 
stabilizing  effect  on  the  cloud  characteristics  determination. 


7.  SI  MM  ARY  AM)  CONCLUSIONS 

Analysis  of  cloud  base  height  data  collected  during  a  seven-month  period  from 
a  three  BBC  network  on  Otis  A  l  'B,  Massachusetts,  demonstrated  the  accuracy  of 
an  automated  cloud  observing  system.  The  high  degree  of  correspondence  between 
•he  automated  and  human  observations  of  cloud  height,  low  cloud  amount,  multiple 
■  loud  lavers,  and  ceiling  confirms  the  accuracy  of  the  hierarchical  clustering  tech¬ 
nique  when  applied  to  a  network  of  HBC's  confined  to  the  immediate  environs  of  an 
airfield.  Fifteen  methods  of  combining  basic  cloud-height  data  were  formulated 
and  tested  on  data  gathered  for  forty -one  episodes  of  extensive  low  cloudiness, 
these  tests  demonstrated  only  slight  improvements  in  automated  cloud  observation 
are  realized  bv  incorporating  additional  information  from  a  second  and  third  BBC 
on  or  near  an  airfield.  In  addition,  there  is  a  non-significant  difference  in  test 
results  when  peak  returns  or  multiple  returns  from  individual  cloud  height  scans 
tire  used  instead  of  1-min  mean  cloud  height  data  sets.  Based  on  comparisons  with 
operationally -obtained  human  observations,  the  automated  techniques  underspecify 
loud  amount  categories  and  the  number  of  low  cloud  lavers  bv  about  10-1.  percent. 


It  is  concluded,  based  on  these  tests  and  earlier  tests  of  the  AY-AWOS  system, 
that  automated  procedures  based  on  hierarchical  clustering  yield  stable,  reliable 
and  representative  standard  cloud  observations.  The  ability  to  successfully  inter¬ 
face  the  RBC  and  continuously  process  its  output  with  a  microprocessor-based 
system  lias  been  demonstrated  in  these  tests  and  earlier  ones.  ^  Whether  used  as 
a  basic  stand-alone  automated  cloud  observation  module  or  as  a  real-time  support 
to  human  observers,  modernization  of  the  cloud  observing  function  can  be  under¬ 
taken,  even  with  exceptional !v  mature  sensors  like  the  RBC. 

The  hierarchical  clustering  technique  is  being  integrated  mto  the  MAWS  at  the 
AFGl.  WTK  as  a  part  of  a  continuing  investigation  of  short  range  prediction  systems. 
Specifically,  an  automated  short-range  forecasting  (BO  to  1!'0  min)  experiment  is 
underway  utilizing  the  automated  observations  as  the  development  sample,  fore¬ 
casts  of  cloud  ceiling  will  be  made  in  probabilistic  and  categorical  format. 
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ACOS  Algorithm 
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I)  -  Least  square  distance, 
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(11)  Round  cluster  heights  to: 

Surface  to  5000  ft:  nearest  100  ft, 

5000  to  6000  ft:  nearest  500  ft. 

(12)  Sky  cover  shall  be  calculated  by  using  the  following  criteria; 

(a)  Cloud  cover  factor  (R  )  is  calculated  starting  with  the 

J— i 

lowest  cluster  (layer) 
n 

Z j  (Total  Number  of  Layer  Hits) 

o  =  L  =  1  _ 

KL  (Total  Possible  Hits) 

where  n  is  the  cluster  order  starting  from  the  lowest  layer 
For  subsequent  layers  (L>  1),  the  summation  principal 
from  FMH-1  is  applied, 

(b)  If  less  than  five  hits  from  all  ceilometers,  "CLR  BLO  60" 
stored, 

(c)  If  S  0.04,  height  and  "scattered"  is  stored, 

(d)  If  R  -  0.85,  height  and  "broken"  is  stored, 

(e)  If  R  >  0.85,  height  and  "overcast"  is  stored. 

L 

(13)  Cloud  data  is  displayed  as  follows: 

(a)  Clear  is  printed  if  no  clouds, 

(b)  If  one  layer,  report  it, 

(c)  If  two  or  three  layers,  report  them  with  only  one 
overcast  layer, 

(d)  If  there  are  more  than  three  lavers,  a  total  of 
three  layers  is  reported  in  the  folh  .ling  order; 

( 1)  lowest  scattered, 

(2)  lowest  broken, 
id)  lowest  over-  .... 


(14)  Generate  a  new  .  bservition  --very  minute. 


